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Abstract 
 
In this work, the influence of parameters gas tungsten arc welding on the surface properties of a 100Cr6 steel was studied. Four different 
the current intensity has been used to remelting surface of the steel. Results of the effect of the current intensity arc electric on the 
microhardness, friction coefficient and wear intensity 100Cr6 steel was presented. Wear mechanisms were investigated by optical and 
scanning electron microscopy. Tribological test showed that the remelting with current intensity to 60A surface of the 100Cr6 leads to 
reduction of wear intensity in comparison to the conventional heat treatment. If treatment was made with current arc intensity - 80 A and 
more the wear intensity increased. During tribology tests two kinds wear material were distinguished: abrasive wear and adhesive wear. 
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1.  Introduction 
 
Bearing  100Cr6  steels  are  use  in  many  applications  where 
high wear resistance is needed. After conventional heat treatment 
[1]  (austenitization  at  temp.  860,  quenched  in  oil,  tempering 
within 2 h at 190 C) structure of this steel consists with primary 
and secondary carbides in martensitic matrix. Between the plates 
of the martensite is retained austenite [2]. The average hardness of 
this structure is 62 HRC. To improve utility property of the steel 
are different technologies applied for changing its structure [3, 4]. 
Remelting  of  the  surface  layer  of  the  steel  by  the  source  of 
concentrated energy (laser, electron beam or arc plasma) leads to 
an  increase  hardness,  strength,  corrosion  resistance  and  wear 
resistance. Tribological wear value depends on the hardness and 
residual  stress  in  the  surface  layer.  In  work  [5]  a  significant 
growth of microhardness of 100Cr6 steel (with 1000  HV- after 
conventional  heat  treatment  to  1400  HV)  after  laser  CO2 
treatment  was  obtained.  Author  work  [6]  used  diode  laser  to 
hardened surface of 100Cr6 steel to a depth of up to 0,45 mm. 
The hardness in the track was measured to be 850 HV0,2. In work 
[7]  increase  of  hardness  HV0,1of  100Cr6  steel  after  surface 
refinement by electric arc plasma was showed. Because devices 
for  GTAW  treatment  is  relatively  cheap  in  relation  to  laser 
devices,  the  remelting  of  the  surface  of  steel  by  arc  plasma 
electric  is  particularly  interesting  for  economic  reason  [8÷10]. 
The  aim  of  this  research  was  to  study  the  influence  of  a  arc 
plasma treatment on the tribological properties of 100Cr6 bearing 
steel. 
 
 
2.  Material and methodology 
 
The material used in this study was 100Cr6 bearing steel. The 
steel is used for the manufacture of machine elements, such as 
rollers, balls, rings working in rolling or sliding contact. Chemical 
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was cut into 30 x 30 x 10 mm samples. All samples have been 
austenitized  for  20  min.  at  860 C,  quenched  in  oil.  After 
conventional  heat  treatment  the  surface  (30  x  30  mm)  of  the 
samples  were  remelted  with  gas  tungsten  arc  welding  method 
used.  In  this  experiment  a  THF  270  A  conventional  DC  Tig 
welder was used. Four different current intensity have been used 
to remelting – 60, 80, 100, 120 A. Scan speed rate was fixed and 
was equal 0,2 m/min. The diameter of tungsten electrode was 1,6 
mm and distance between surface and tungsten electrode tip was 2 
mm.  After  remelting  of  the  surface,  the  samples  were  cut  into 
dimensions 4 x 4 x 10 mm - pins, where surface 4 x 4 was treated. 
The samples were subjected to wear test on the tribometer - pin on 
disc - TO5. The principles of the tribological system are shown in 
Fig  1.  Counterpart  -  disc  was  made  of  cemented  carbide  with  
a hardness 1500 HV. 
 
 
Fig. 1. Tribology system and experimental conditions 
 
 
Assessment  of  surface  microhardness  was  done  by  using 
Hanemann  tester  with  Neophot  microscope,  with  applied  load 
100  g.  Microhardness  is  calculated  according  to  the  Vickers 
formula.  The  microstructure  of  metallographically  ground, 
polished  and  etched  samples  were  investigated  using  optical 
(Neophot, Nikon) and scaning electron microscopy. 
 
 
3.  Results 
 
This  steel,  after  conventional  heat  treatment  has  
a  homogeneous  microstructure  which  consist  with  tempered 
martensite and carbide. After remelting surface, structure of the 
steel consists with plate martensite (about length max. 10  m) and 
retained austenite. On the grain boundary blocks form of carbide 
phase is visible (Fig. 2). Volume fraction of the carbide phase in 
the  structure  is  similar  to  that  in  steel  after  conventional  heat 
treatment, but shape of the carbides is very different. Changes of 
the structure on the depth from the surface were presented in work 
[7].  Remelting  by  arc  plasma  electric  of  the  surface  leads  to  
a greater hardness in comparison to a conventional heat treatment 
but  the  standard  uncertainty  of  the  hardness  measurements  is 
greater  (Fig.  3).  This  indicates  the  instability  of  condition  in 
which  the  structure  is  formed  during  solidification  and  phase 
transformation in solid state. The maximum hardness 840 HV0,1 
was measured in material after treatment with a smaller current 
intensity  of  arc  plasma  –  60  A.  For  greater  of  the  current  arc 
intensity the hardness of remelted zone was lowered. 
 
 
 
Fig. 2. Remelted zone of the probes after treatment with current 
intensity of arc plasma – 60 A, carbides, plate martensite  
and retained austenite 
 
Fig. 3. Microhardness HV0,1 of the 100Cr6 steel after 
conventional treatment and arc plasma treatment with current 
intensity of arc 60 to 120 A 
 
 
Figure  4  shows  the  evaluation  of  the  friction  coefficient  as  
a  function  sliding  distance.  On  the  curves  two  periods  can  be 
distinguished.  In  the  first,  short  period  of  (sliding  distance  of 
approx. 400 m for samples treated with current intensity 60 A, 
and 200 m for other samples) the friction coefficient fluctuated in 
the  range  of  0,40  -  0,64.  After  the  period  followed  period  of 
stabilization  of  value  the  friction  coefficient.  The  maximum 
coefficient of friction – 0,65 (in second period) were determined 
for samples treated with current intensity of arc 80 A. For other 
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Table 1. 
Chemical composition of the 100Cr6 bearing steel (average %, 
wt.) 
Grade 
steels  C  Cr  Mn  Si  P  S 
1000Cr6  1,05  1,75  0,4  0,22  0,016  0,009 
Load, P = 50N 
Sample, 4 x 4 x 15 mm 
V = 550 obr/min 
P
  
Direction of 
counterparts 
rotation 
Sample with 
remelted zone 
         wear intensity =    
 
where:  m -  change of weight  
                     of the pin (mg),  
 
            L - sliding distance (m), 
 
            A - area surface  
                 of the pin (m
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samples the friction coefficients were similar and equaled average 
0,60.  
 
a) 
 
b)
 
c) 
 
 
Fig. 4. Typical curve of the evolution of friction coefficient for 
samples after plasma treatment with current intensity of arc: 
a) 60 A, b) 80 A, c) 120 A 
 
Increase the current plasma arc led to increase the intensity wear 
tribological. During tribology tests the temperature of the pins (at 
a point - 1 mm to sliding surface) was measured. The temperature 
was  not  changed  in  the  second  period  -  of  stabilization  and 
equaled  average  20 C.  The  cooperative  wear  mechanism  have 
been examinated by analyzing the morphology of the worn - out 
surfaces of the pin specimens and disc (counterparts). The nature, 
size, and morphology of the wear of surface of pin was similar for 
all  examined  probes.  Optical  topography  observations  indicate 
different wear mechanisms: adhesive and abrasive wear. Due to 
adhesion the pin to the disc - counterparts effect of high plastic 
deformation were observed locally on the centre of the wear track 
(Fig. 5). Near the area of plastic deformation, pure abrasive wear 
was observed. Abrasive wear takes place when particles which are 
harder  than  pin  material,  are  involved.  Microstructure  SEM  of 
typical  worn  surfaces  generated  under  war  tests  is  shown  in 
Figure 6. On the surface are visible pounded wear products of the 
specimen after tribology tests. 
 
 
 
Fig. 5. Three - dimensional views from optical microscopy 
investigation of the wear tracks of specimens after treatment  
with using current intensity – 80 A 
 
 
 
Fig. 6. The surface of the specimen treated with current arc 
intensity 100 A, after tribology test 
 
Wear intensity was calculated on formula as shown in Figure 1. 
The  lowest  wear  intensity  93  ±  6  mg/m
3  (less  than  the  wear 
intensity of steel 100Cr6 after conventional heat treatment, see 
Fig. 7) possessed the specimens after treated with the current arc 
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plasma intensity 60 A. The tribology tests have shown that, the 
lowest wear intensity was shown by the steel having a structure 
obtained a results of rapid solidification. Increase of the hardness 
of  steel  by  GTAW  remelting  for  current  arc  intensity 
80 A and more does not lead to a decrease of the wear intensity of 
this steel. 
 
Fig. 7. Wear intensity of the 100Cr6 steel after conventional 
treatment and arc plasma treatment with current intensity  
of arc 60 to 120 A 
 
Not  only  microhardness  of  remelted  surface,  also  the  volume 
fraction of elements and residual stresses of the structure, which 
were formed during rapid solidification influence on the value of 
the wear intensity of steel. 
 
 
4.  Conclusions 
 
Tribological investigations (pin on disc) leading to coefficient 
friction of approximately 0,6 for all specimens remelted by arc of 
plasma. To improve the tribological resistance of the 100Cr6 steel 
is preferable to use low intensity plasma arc current 60 A. During 
tribology  tests  two  kinds  wear  material  were  distinguished: 
abrasive wear and adhesive wear. The investigations have shown 
that, the largest mirohardness HV and lowest wear intensity was 
shown by the steel having a structure obteined as a results of rapid 
solidification. 
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